The rock type of hard-substrata marine habitats can affect numerous benthic invertebrates, but 37 little is known of the effects on molluscan assemblages, for example, the chitons often found 38 under intertidal boulders. We compared chiton assemblage composition, abundance, species 39 richness, and patterns of frequency distribution in ten boulder-fields containing either hard 40 metamorphic/igneous boulders or soft limestone boulders, in two geographical areas in South 41
Environmental features within species habitats are often key in setting patterns of distribution 57 in populations. For rocky benthic assemblages, the physical composition and structure of the 58 rock substratum is often important. Varying surface heterogeneity can influence the choices 59 for settlement sites of invertebrate larvae, and the subsequent recruitment of juveniles and 60 adults (Le Tourneux and Bourget 1988; Kohler et al. 1999; Berntsson et al. 2000) . Post-61 recruitment processes can also be affected by the structure of the substratum, such as 62 movement (Chapman and Underwood 1994; Underwood 2004) , mortality (Herbert and 63
Hawkins 2006), and growth (Giesel 1969; Gosselin and Bourget 1989) . The rock type of the 64 substratum is one factor that can affect numerous benthic taxa, including barnacles (e.g. 65
Herbert and Hawkins 2006), tube worms (e.g. James and Underwood 1994), urchins (e.g. 66 Information about the habitat requirements of under-boulder chitons is needed in particular, to 106 increase our understanding of these little-understood molluscs. This has been highlighted by 107 studies that have documented patterns of distribution among boulders indicative of 108 aggregation (Chapman 2002; Grayson and Chapman 2004; Chapman 2005) . All the models 109 tested to account for the aggregation have failed to identify any aspects of their habitat that 110 may be involved. It is possible that rock type is a feature of habitat that contributes to patterns 111 of aggregation. For example, boulder-fields contain many discrete microhabitats (Le Hir and 112
Hily 2005), and it is possible that the quality of these microhabitats will vary among boulder-113 fields with differing structure associated with rock type. In recent years it has become more 114 common for studies to investigate chitons in intertidal boulder-field habitat, for example, 115 studies of colonisation of assemblages including chitons onto artificial boulders (Chapman 116 2007 (Chapman 116 , 2011 , but these have all involved addition of artificial boulders of only one rock type. 117
Information about the influence of rock type on patterns of chiton distribution would 118 contribute to our understanding of the habitat requirements of these species in boulder-fields. 119
120
The aim of this study was to make observations of patterns of chiton distribution in boulder-121 fields on the Fleurieu Peninsula and Kangaroo Island in South Australia, where a particularly 122 great diversity of chitons is known to occur (Cotton 1964; Kangas and Shepherd 1984) . The 123 habitat requirements of chitons were investigated by testing the hypotheses that the 124 assemblages, abundances, and numbers of species of chitons would differ between boulder-125 fields comprising rock types of differing categories of hardness. To determine if the rock type 126 of boulder-fields may influence patterns of distribution (e.g., aggregation) of chitons among 127 boulders, the hypothesis was tested that chiton distribution frequencies would differ between 128 the boulder-field types. (Fig. 1) . Soft rock boulders generally consisted of loosely-consolidated 137 limestone, which was highly friable, in some cases to the extent that pieces could be broken 138 by hand (indentation hardness <4 on Moh's hardness scale; Tabor 1954). They were often 139 irregularly shaped with a rough, uneven surface. Hard-rock boulders were mostly ovoid in 140 shape, and consisted of igneous or metamorphic rock such as basalt, granite, and quartzite, 141 which was much smoother and less porous. Hard rock encompasses all rock types with an 142 indentation hardness >4 on Moh's hardness scale (Tabor 1954) . Sampling was done during 143 low tides within an area at each site of 30m alongshore x 5m perpendicular to the shore, 144 positioned so that the furthest point downshore was as far as possible into the shallow subtidal 145 zone. At each site, a one hour timed-search survey was done (Benkendorff and Davis 2002) , 146 starting approximately one hour before low tide. The number and identities of all readily 147 observable (>3mm) chitons present were recorded for each occupied boulder overturned, with 148 the clock stopped during data recording. Similar numbers of boulders were able to be sampled 149 during the timed-search between the two boulder-field types. Most species were able to be 150 identified in the field, but some uncommon species were collected and identified according to 151 (Cotton 1964 Multivariate data of chiton assemblages were compared between the two types of boulder-159 fields (fixed factor), and between sites from the two geographical areas (Fleurieu Peninsula 160 and Kangaroo Island; random factor), using two-way permutational multivariate analysis of 161 variance (PERMANOVA) based on Bray-Curtis dissimilarities using the PRIMER v6 162 software package (Plymouth Marine Laboratory, UK). Unrestricted permutations were done 163 of raw data, which were square-root transformed prior to analysis to increase contributions of 164 less common species (Anderson et al. 2008) . Differences between assemblages were 165 visualised on nMDS (non-metric multi-dimensional scaling) plots, and SIMPER (Similarity 166 Percentages) was used to determine which species made the greatest contributions to any 167 differences. Although many of the chiton species we encountered were very common, a range 168 of uncommon species was also found. To investigate specifically how these uncommonthe same assemblage data and methods of analysis as for the main analysis, except that theunivariate data of overall abundances of chitons and species richness were also compared 173 between hard and soft rock boulder-fields using two-way permutational ANOVA with 174
Euclidean distance as the basis of the analyses. 175
176
Although the sites with different rock type were generally interspersed (Fig. 1) , it is possible 177 that wave exposure could vary between sites with different rock types. So to provide 178 estimations of wave exposure at each site, the Baardseth's index was used (Baardseth 1970) . 179
This method uses the radial exposure of sites to a 7.5km fetch as an index of wave exposure, 180 and has been used effectively in previous research of effects of wave exposure in South 181
Australia (Wernberg and Connell 2008) . Measurements were made on marine charts of 182 1:50,000 scale by placing a disc over each site with a radius corresponding to 7.5km, and 183 counting the number of 10° sectors that did not include any obstructions (values can range 184 from 0: fully sheltered, to 36: fully exposed). These values were then compared between hard 185 and soft rock sites using one-way ANOVA. The measurements were also compared among 186 sites with different chiton species richness and abundance using linear regression, to 187 determine if patterns of chiton diversity and abundance may be related to wave exposure. A total of 22 chiton species was encountered across both areas (Table 2) , with a range of 4-11 207 species per site (Fig. 1 ). Twenty one species were recorded at sites on Kangaroo Island and 15 208 on the Fleurieu Peninsula. Some species were very common, especially Ischnochiton 209 elongatus/variegatus and I. australis (Sowerby, 1841), which accounted for two thirds of all 210 individuals found. Other species were much rarer (see Table 2 ); five species occurred in such 211 limited abundances that fewer than six individuals were found, with two of those species 212 being represented by only a single individual. 213
214
There was much variation in assemblage composition between sites, but significantly 215 different assemblages were found between hard and soft rock sites and this was consistent 216 between the two areas (Table 3, Fig. 2 ). SIMPER revealed that the different assemblages 217 between hard and soft rock sites were mostly the result of some common species having 218 greater mean abundances in the hard rock boulder-fields (Table 2) . I. australis in particular 219 contributed to this pattern, because it was never observed in soft rock boulder-fields, and also 220 I. smaragdinus (Angas, 1867), which was occasionally found in soft rock boulder-fields, but 221 had greater abundances in those of hard rock. When the assemblage data were transformed to 222 presence/absence, the significant difference between rock types no longer occurred (F (1, 7) = 223 2.19, P > 0.05) indicating that the assemblages of uncommon species were largely similar 224 between the two types of boulder-fields. The mean total abundances of chitons from all 225 species pooled were approximately three times greater in hard rock than in soft rock boulder-226 fields (P < 0.05, Table 3 , Fig. 3a) . However, the mean number of chiton species was similar 227 between boulder-fields comprising the two rock types (P > 0.05, Table 3 , Fig. 3b) . 228 229 Wave exposure at the specific sites within intertidal reefs that were surveyed for chitons 230 varied from fully sheltered (0) at Vivonne Bay to partly exposed at Port Willunga (7.5km 231 wave fetch index = 10/36, Figure 1 ). However, on average, the wave exposure index did not 232 differ significantly between the hard (6.6 ±3.1) and soft rock (4.2 ±3.2) sites (ANOVA, F (1, 8) have been found, only two more than were found within the one hour timed search survey 295 used in this study. Also, previous research into under-boulder chitons, in eastern Australia, 296 through time (Smith and Otway 1997) has found no evidence that significant fluctuations 297 occur. Smith and Otway (1997) reported reoccurrence for many of the same species we found, 298 so assuming populations of these species act similarly in South Australia, the abundances we 299 reported should represent those that generally occur at these sites, at least during the summer 300 season. 301
302
The association between specific mollusc assemblages and rock type found in our results, and 303 in other studies of intertidal reefs ( Previous studies have shown that the degree of exposure of coastal sites to a 7.5km fetch is an 330 effective method of estimating wave exposure, which can in turn influence the assemblage 331 structure of algae and sessile animals (Ruuskanen et al. 1999; Wernberg and Connell 2008) . 332
Using this method, we did not find any indication that variability in chiton species richness or 333 abundance was influenced by wave exposure, or that the differences in chiton assemblage 334 structure between rock types was confounded by wave exposure. It is likely that most of the 335 variability among sites was the result of physical features that differ between the hard and soft 336 rock types, such as rock surface heterogeneity, friability, porosity, colour, and heat retention. 337
Previous studies have found, however, that if large-scale observations of associations between 338 rock type and benthic species distribution are investigated manipulatively, the associationsexample, although the sizes of boulders were similar between the two types of boulder-fields, 343 the shapes of boulders did appear to differ, with hard rock boulders being more ovoid in 344 shape. It also appeared that boulders in soft rock boulder-fields were more often stacked on 345 (Fig. 1) . All 4 species that were found are displayed, in order of their relative contribution to dissimilarity. and univariate data of chiton abundance and number of chiton species, between hard rock and 36 soft rock boulder-fields. Assemblage composition data were square-root transformed prior to 37 analysis to increase the contribution of less common species. When the P-values of the 38 interaction term were >0.25, they were pooled with the residual to provide a more powerful 39 test for the relevant null hypotheses (Underwood 1997), **P < 0. 
